ABsTRAcT A total of 1611 women working in a large electronics company were interviewed using a modified version of the Medical Research Council's questionnaire on respiratory symptoms, and their lung function was tested using a Vitalograph dry wedge spirometer. When the prevalence of symptoms was compared using the X2 test among fo.ur occupational groups namely, solderers, ex-solderers, non-solderers, and office workers few significant differences were found. The group of ex-solderers tended to have a greater prevalence of symptoms than the other three groups. Forced vital capacity (FVC) and forced expiratory volume in one second (FEVy) were measured, and when these were compared for smokers, the office workers were found to have a greater mean age adjusted FVC and FEV1 than the three other groups. The pattern was less distinct for non-smokers. When duration of exposure to solder fumes was allowed for, differences in lung function were more suggestive of being related to smoking habit than occupational exposure to solder fumes.
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Following work by Fawcett et all and later by Burge et a12 which suggested that there may be a hitherto unrecognised respiratory problem among workers exposed to the fumes given off when rosin based solder is used in the electronics industry, a study was set up to ascertain if the prevalence of respiratory symptoms in a group of solderers differed appreciably from that in other groups of workers with little or no exposure to solder fumes. In addition, the lung function of the soldering group was compared with the other occupational groups to see if pronounced differences existed between the groups.
Study population
The study was carried out at four sites located in different parts of the British Isles. Sites 1 and 4 were in Essex, site 2 in Lancashire and site 3 in Northern Ireland.
The work carried out at all the locations was broadly similar, the main consistent feature being that a high proportion of the work entailed soldering. At all the sites studied, the working population was predominantly female, soldering Received 2 April 1981 Accepted 25 July 1983 jobs being almost exclusively confined to women.
All women on each site, irrespective of job function,, were therefore enrolled as the study population. The object was to make comparisons between the occupational groups defined below.
A total of 1611 women (86*1% of those eligible) were studied, all but 14 being Caucasians. Of the total, 202 were ex-smokers. Analyses were carried out on this group in exactly the same way as for smokers and non-smokers, but the results are not reported here because the numbers in the various subgroups became very small. Nevertheless, no different trends were found in this ex-smoking group. Ten women (six smokers and four non-smokers) admitted on questionnaire to being disabled from walking by reasons other than chest or heart disease. They were excluded from the analysis of respiratory symptoms and lung function.
Four occupational groups were constructed, namely:
Solderer-A woman engaged in a job that included any soldering operation irrespective of the method of soldering.
Ex-solderer-A woman who had soldered in the past but did so no longer although she worked on a shop floor where soldering took place.
Non-solderer-A woman whose job was on a 346
Respiratory symptoms and lung function in a group of solderers shop floor where soldering took place but who had never soldered.
Office-A woman who had always worked in an area where no soldering took place. In the analysis of lung function smokers and nonsmokers were considered separately by constructing eight occupational and smoking subgroups. Regression equations were constructed to predict FVC and FEV1 from age and height for the eight subgroups. Several attempts were made to derive useful prediction equations involving various combinations of age, height, age x height, and height2 but when these combinations were used the increase in the multiple regression coefficient (R) was small. For FVC, R was increased by less than 0-01 in 75% of the subgroups and by less than 0. 1i in the remainder. The picture was similar for FEV1. The use of these combinations of predictors therefore, did not result in any great increase in the accuracy of prediction.
The main analysis of lung function was therefore carried out by constructing regression equations to predict FVC and FEV1 from age and height, and age only using the same eight subgroups. When age and height were used the lines differed in slope, indicating that to some extent these equations should be treated with caution. There were no significant differences between the subgroups in either mean height or height distribution. The results using prediction equations for lung function involving both age alone and age and height are reported. The mean age and age/height adjusted FVC and FEV1 was then compared between occupational groups using analysis of covariance. 5 Further analysis was carried out to consider the effect of duration of exposure to solder fumes on lung function. This was carried out for both the solderers and ex-solderers groups. Two age and height several differences were noted among the groups ( the longer exposure group the mean ages were 41P9 years for smoking solderers and 44*1 years for nonsmoking solderers (45.9 years and 39*7 years for ex-solderers). There were no significant differences in the mean heights of the groups. In the non-smoking ex-solderers groups there was no difference between the mean lung volumes of the two exposure groups. In the three other subgroups differences were noted in the mean lung volumes of the two exposure groups.
When the mean lung volumes were adjusted to a common age (table 7) it could be seen that there were no significant differences in FVC or FEV, for non-smoking solderers and smoking ex-solderers. The mean age adjusted FVC and FEV, of the smoking solderers group, however, still shows Courtney, Merrett significantly lower values in the group with the long exposure than in those exposed for under six years.
In order to minimise the confounding effect that smoking might have on lung function, long term and short term solderers, all of whom had smoked for more than 30 years, were compared (table 8) . The mean age, height, FVC, and FEV, of the two groups were very similar, no statistically significant differences being noted. This suggests that the differences in lung function between the two exposure groups is more likely to be due to smoking habits than to exposure to solder fumes.
Discussion

SYMPTOMS
In considering the respiratory symptoms few significant differences worthy of note became apparent between the occupational groups, either among smokers or non-smokers. Furthermore, when trends were considered between the groups, generally speaking, the office or control group did not emerge as having an appreciably lower prevalence of symptoms than the other groups. Thus when both trends in prevalence and their statistical significance were considered, there was no evidence to suggest that the exposed group had more respiratory symptoms than the non-exposed groups. One trend, however, was consistent-that is, that for almost all the respiratory symptoms the group of ex-solderers had the highest prevalence. This observation suggests the possibility that the ex-solderers might have been transferred from a soldering job because of the respiratory effects of the fumes.
The medical and personnel records of all the exsolderers on site 3 were examined to try to determine the reasons for transfer from soldering jobs. The results for site 3 alone were so similar to those reported for all sites combined that it was thought reasonable to assume that the ex-soldering group at this site would reflect the experience of all exsolderers. There were 109 women in the group of ex-solderers on site 3. Personnel records were of little help but from the medical records it was found that only five of the ex-solderers had been moved from soldering for medical reasons and in all cases the transfer was due to medical conditions with other known causes. These findings do not support the view, therefore, that the ex-solderers group is made up of a large number of employees who have been transferred because of medical problems related to soldering.
In addition, the possibility that a few of the women complained of a large number of the respiratory symptoms was not confirmed since the distribution of the number of symptoms per Respiratory symptoms and lung function in a group of solderers individual did not show any significant differences between groups.
The possibility that solderers developed medical problems and as a result left their employment could not, unfortunately, be investigated because of the difficulties of tracing those who had left the com-. pany in the past 15 years.
Several extra questions were added to the MRC questionnaire and their inclusion requires some comment. Certain irritative symptoms (hoarseness and running or watering eyes and nose) have been considered to follow exposure to solder fumes.7 When threshold limit values (TLV) were set these were the symptoms that were considered as an index of exposure to solder fumes and the prevalence of irritative symptoms was found to be greatly reduced when the levels of aliphatic aldehydes in the fume fell below 0 1 mg/n3. This was therefore taken as the ThV from rosin based solder fumes.8 In this study no significant differences were found in the prevalence of irritative symptoms among the four occupational groups.
LUNG FUNCTION
Reference has been made above to the consideration of the factors having a bearing on lung volumes. Various combinations of age and height were used in attempts to predict lung function but it was found that adjusting to a common age gave the most theoretically acceptable statistical results. The long accepted adjustment, however, is to allow for age and height. By doing this, however, the only real effect was to bring the mean age/height adjusted lung volumes for each of the subgroups closer together, minimising further any differences found between the occupational groups. Other combinations of age and height did not improve the correlation coefficient to any great degree. There is thus no evidence to suggest that consideration of age adjusted lung volumes and their comparison among occupational groups is in any way misleading.
The striking feature of the mean age adjusted ventilatory volumes was the different trends found in the smoking and non-smoking categories. Occupational comparisons among smokers showed that the office group had a significantly larger mean age adjusted FVC and FEV1 than the other three groups. The main possibilities that may account for these differences are that they may be the effects of the workers' occupation, or of their smoking habits, or a combination of both. The observations that no comparable significant differences were found in the non-smokers is important. While the trend in this category was again for the mean age adjusted FVC and FEVI to be greater in office workers than in the three other occupational groups, these differences were only significant between office and nonsoldering groups. While these differences are statistically significant, their clinical significance is less clear. The largest differences, of the order of 0-27 1 for both FVC and FEV1, are observed between the office and non-soldering groups and, from a clinical standpoint, these differences are small. If, therefore, it is assumed that the four occupational groups represent gradations of exposure to solder fumes these observations do not indicate an associated gradation in lung function.
It is reasonable to expect that any effect of soldering on lung function will be more apparent in groups who have been exposed to soldering for longer periods. More individuals in these groups will show the effect, and the effect in each individual will be greater. Since Burge et al have shown that the median duration of exposure before the appearance of symptoms referable to soldering is six years,2 comparisons were made between those exposed for less than six years and six years and more and the mean age adjusted FVC and FEV, of the shorter exposure group were found to be-significantly greater than that of the longer exposure group among smokers but not among non-smokers. It was therefore essential to attempt to allow for the effect of the duration of smoking on lung function. By considering solderers who had smoked for more than 30 years some helpful information was obtained indicating that when age and duration of smoking were held constant there were no differences between the mean FVC and FEV, of the two groups with different exposure to soldering thus suggesting that the differences in lung function observed in other groups were reflecting smoking habits rather than exposure to solder fumes.
